In lower vertebrates, the bone-mineralizing hormone "calcitonin" is secreted from ultimobranchial glands, which assume various shapes, e.g., follicles, cellular masses, or cell strands. Histological observations support the view that in some teleosts, the glands increase in size when females maturate. We determined the exact volume of the gland in juveniles and adult males and females of a teleost, Ryukyuayu (Plecoglossus altivelis ryukyuensis). Furthermore, we examined plasma Ca, Na and K levels. In this species, the gland was fundamentally composed of a single follicle. The gland volume was converted to numerical data under a certain condition. It thus became clear that the value of the follicle wall was significantly increased only in maturing and mature females with high plasma Ca levels and that the value of the lumen did not show any statistically significant changes during growth and maturation.
In mammals, ,calcitonin is secreted from C-cells of the thyroid glands. This hormone is generally known as a medicine for osteoporosis (Overgaard, 1994) . In lower vertebrates, calcitonin is secreted from ultimobranchial glands. The C-cells are the parenchymal cells of the ultimobranchial gland, which are incorporated into the thyroid gland in the embryonic stages (Pearse, 1968) .
In teleosts, the ultimobranchial glands are located behind the gill, as the gland name indicates, and usually found at the ventral side of the esophagus or on the transverse septum that separates the pericardium and viscera (Sasayama and Oguro, 1992; Sasayama et al., 1999) . The ultimobranchial glands assume different shapes in different species, e.g., a single follicle or many small follicles, cellular masses, cell strands, or a combination of these structures (Sasayama et al., 1995; Sasayama et al., 1999) . Furthermore, in many cases, the boundaries between the gland and surrounding tissues are unclear, which makes findings the gland difficult even with the use of a dissecting binocular microscope.
In goldfish (Carassius auratus) and Japanese eels (Anguilla japonica), the ultimobranchial glands are composed of a combination of many small follicles and cellular masses. It has been reported that, in the mature females of those fishes, the gland increases in size by hyperplasia and hypertrophy of the follicle wall (Oguri, 1973; Yamane, 1977) . In Masu salmon (Oncorhynchus masou), in which the gland is composed of one pair of follicles, the height of the follicle wall was found to be the largest in mature females (Yamane and Yamada, 1977) . These three reports are, however, described on the basis of histological observations of one part of the glands, not on the basis of morphometrical evidence of the entire glands. On the other hand, using a method combining morphometry with immunostaining, it has been demonstrated in a frog Rana pipiens, the calcitonin-immunoreactive areas of the ultimobranchial gland increase when blood Ca levels are raised (Robertson, 1988) . In teleosts, however, the increase of the volume of the ultimobranchial glands has never been actually demonstrated using morphometry because of the complexity of the morphology. Furthermore, it is not clear whether or not the luminal volume increases as the volume of follicle wall increases. The reason for this is that , in the frog, the lumen of the gland may not merely be a site in which unnecessary substances are deposited but an active site which supplies materials for the elaboration of the hormone (Robertson and Swartz , 1964; Robertson, 1971) . Nevertheless, in the frog as well, the volume of the lumen has not been determined.
In this study, we determined the exact volume of the ultimobranchial gland in juveniles and adult males and females of a teleost, Ryukyuayu (Plecoglossus altivelis ryukyuensis). This species has following advantages: their ultimobranchial gland is fundamentally composed of a single follicle; their spawning season is clear; and their life span is only one year long.
Materials and Methods
Since Ryukyuayu is on the verge of extinction in Japan, their reproductive physiology has become the focus of the research by many scientists. This fish is cultured experimentally at the Genga River in the northern part of Okinawa prefecture. We sampled some individuals at the end of October and at the beginning of December in 1998, and again at the end of August in 1999. The August individuals could not be sampled in the same year. However, we regarded them as the same population, since they were descendants of the population sampled in the previous year.
In Ryukyuayu, as the ultimobranchial gland is present at the ventral side of the esophagus, tissue including the gland was cut out and fixed in Bouin's solution without acetic acid overnight. Then, it was preserved in 70% ethyl alcohol. Tissue samples were serially sectioned at 10 pm by a routine paraffin method and immunohistochemically stained using anti-salmon calcitonin polyclonal antibody to distinguish the gland from surrounding tissues. The specificity of the antiserum had already been checked (Sasayama et al., 1991) . In this study, we used Abbe's apparatus to transcribe the shape of the ultimobranchial gland on tracing paper with a constant weight per unit area in every serial section. Then, using scissors, the transcribed gland was cut into two parts: the follicle wall, corresponding to the actual parenchymal portion of the gland, and the luminal portion and, each portion was weighed separately. Thus, the volume was converted to the weight (g) of the paper.
We did not consider it necessary to calculate actual numerical values of the volume of each portion, since processes such as fixation and preservation in alcohol are bound to affect the volume. We deemed it important to compare the values indicating the dimensions of the follicle wall and lumen between juveniles and adults and between males and females.
The 30 individuals sampled in August were still juveniles and small in size (mean body length (BL): , 1996) . Furthermore, in the individuals collected in October and December, as a large quantity of blood could be obtained, we also determined plasma Na and K levels by a flame photospectrometer (Corning, Type 480).
All data were statistically approved by the Student's t-test.
Results
In August, gonads were not yet differentiated. The average plasma Ca level of 30 individuals was 9.5 + 0.16 mg/100 ml. The ultimobranchial gland of juveniles assumed a simple follicular structure (Plate 1-1). In the lumen, colloidal substance was present. However, only the follicle wall was immunostained.
In October, the average value of the testis weight of nine males was 0.5 + 0.10 g, and the ovary weight of 14 females was 0.6 + 0.09 g. Their gonad weights were similar. The average plasma Ca level of 12 males was 9.6 + 0.31 mg/100 ml, which was almost the same as that of the juveniles. In contrast, the plasma Ca level of 15 females was 14.7 + 0.07 mg/100 ml. The female level was significantly higher than that of the males (p < 0.05). A typical female ultimobranchial gland in October is shown in Plate 1-2. The magnification rate on the photograph is the same as that for the juvenile, which demonstrates that the ultimobranchial gland has increased in size. Besides, it is noted that the follicle wall is largely warped from the simple oval shape of the juvenile.
In December, the average testis weight of ten males was 2.0 + 0.25 g, and the ovary weight of nine females reached 3.2 + 0.25 g. The female value was 1.6 times larger than that of the males. The plasma Ca level of ten males was 7.8 + 0.34 mg/100 ml. The average plasma Ca level of nine females was 10.6 + 0.93 mg/100 ml, which was also significantly higher than that of the males (p < 0.05). In the females just before spawning, the follicle wall showed hyperplasia and hypertrophy and invaginated into the lumen in a complex manner (Plate 1-3). In the gland, even some small follicles were present. In contrast, in the males, the morphology of the ultimobranchial glands did not differ substantially from the juvenile shape, although the follicle wall became somewhat complicated (Plate 1-4).
The dimensions of the follicle wall and the lumen in the ultimobranchial glands are shown in Fig. 1 . In the five juveniles, the values of the follicle wall and lumen were almost the same, 0.6 + 0.20 and 0.6 + 0.22, respectively. In the males from October and December, plasma Ca levels did not increase more than those in the juveniles. The value of the follicle wall of the seven individuals was 0.9 + 0.14 in October and 0.9 + 0.08 in December, respectively. The values of the lumen were 0.6 + 0.16 and 0.5 + 0.10, in order. In the males from October and December, neither the value of the follicle wall nor that of the lumen was statistically different from
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of the follicle wall and lumen of UB those observed in the juvenile stage. In the eighl October females, the value of the follicle wall wa5. 1.4 + 0.13, which was significantly larger than thai of the males (p < 0.05). On the other hand, the value of the lumen was 0.9 + 0.14. Moreover, in the eight December females, the value of the follicle wall was 1.7 + 0.09, which was significantly highei than that of the males (p < 0.05). This value oi December females was even higher than that of the October females (p < 0.05). On the other hand, the value of the lumen was 0.9 + 0.15, a significantly larger value than that of the males (p < 0.05), However, the values of the luminal portions did nol show a statistically significant value in every stage from those of the juvenile. In the 12 males and 15 females examined in October as well as in the ten males and nine females examined in December, plasma Na levels were 300-330 mg/100 ml. No differences were found on the basis of sex. Plasma K levels were about 19 mg) 100 ml in both sexes in October. In December, the values were low in both sexes, about 12 mg/100 ml.
Discussion
In October, the plasma Ca level of the females was significantly higher than that of the males, although there was no significant difference between their gonad weights. This fact suggests that Ca metabolism accompanied with reproductive physiology starts from very early stages in the maturation processes to mobilize Ca from hard tissues to eggs. In addition, at this stage, the female value of the follicle wall was significantly larger than that of the males. In December, just before spawning, the female plasma Ca level was also significantly higher than that of the males. The female value of the follicle wall was not only significantly larger than that of the males but also significantly larger than the female value in October. By October, the follicle wall in females had attained about 82% of the value in December in the size. On the basis of morphometrical evidence, these results clearly demonstrate that, in the female of this species, the volume of the glands actually increase as maturation proceeds. Furthermore, there is no doubt that the increase and maintenance of plasma Ca levels brought about the enlargement of the follicle wall. In teleosts, there has been no report demonstrating directly that increases in plasma Ca levels brought about the increase of the volume of the follicle wall. This phenomenon is consistent with the result obtained in the frog (Robertson, 1988) . In the males, the values of the follicle wall were not increased from the level of the juveniles even as maturation pro-ceeded. It is known that, in goldfish and Japanese eels, the ultimobranchial glands function to lower the acute increase of blood Ca levels after food intake (Sasayama et al., 1996; Suzuki et al., 1999) . Therefore, in juveniles and males, the ultimobranchial glands may work in such a manner.
In this study, the lumen did not show a statistically significant increase in size in every stage. However, it has been known that in the frog, R. pipiens, microvilli develop for reabsorption on the cell surface of the luminal side (Robertson, 1971 ). Furthermore, in the lumen of the glands of the frog, various substances such as acid mucopolysaccharides, carbohydrate-protein complex, mucoproteins, and lipid droplets are cytochemically detected (Robertson and Swartz, 1964; and Robertson, 1971 ). In addition, some complexes containing a disulfide bond are found, of which type of the bond is present in a calcitonin molecule. Besides, according to Robertson's finding (1971), ATPase activity is present only in the lumen. Thus, his data strongly suggest that, at least in the frog, the luminal portion also play an important role in the gland function. In this study, however, we were not able to demonstrate the activity of the lumen in the morphometrical manner used. The fact that, in December, the female values of the lumen were significantly larger than those of the male may be related to the activities mentioned above. At present, it could be said that the fact that the follicle wall was invaginated into the lumen suggests that the lumen may play a role in reducing the impact of the acute enlargement of the follicle wall to surrounding tissues.
